A Review on Machinability of different materials by Turning Process by Rizvi, Saadat Ali & Ali, Wajahat
 
 
 
 
28 Page 28-58 © MAT Journals 2016. All Rights Reserved 
 
Journal of Mechanical and Mechanics 
Volume 2 Issue 3  
A Review on Machinability of different materials by Turning Process 
 
Saadat Ali Rizvi
a
, Wajahat Ali
b
 
a
Research Scholar, Department of Mechanical Engineering, IIT (BHU), Varanasi (U.P) and faculty 
member in U.P, J.M.I,New Delhi 
Email:sarizvi1@jmi.ac.in/ saritbhu@gmail.com Mobile No: 00917531026305 
b
Mechanical Engineering Department, SCRIET, (CCS University, Meerut) 
 
 
Abstract 
In this review paper the different parameters which influence the mahinability of various 
materials has to be studied. The various parameters that affect the machinability are feed, 
speed, depth of cut and tool radius etc. surface roughness of any material is too much 
influence by these parameters .turning operation are usually two types, dry turning and wet 
turning. The main aspect of surface quality on machined parts is probably surface integrity, 
such as roughness and residual stresses. In this exploration paper different streamlining 
procedure, for example, Taguchi, RSM, and ANN and so on strategy and additionally embed 
are surveyed. Taguchi technique a capable device for analysis plan is likewise used to 
upgrade the slicing parameters to accomplish better surface complete and to recognize the 
best parameter for cost development amid turning. The study reveals that the surface 
roughness is directly influenced by the spindle speed and feed rate. It is observed that the 
surface roughness increases with increased feed rate and is higher at lower speeds and vice 
versa for all feed rates. 
 
Keywords: Feed speed, turning, Taguchi method, ANOVA, Machining, surface roughness, 
RSM, methamatical model.  
 
INTRODUCTION 
Turning operations are one of the most 
significant manufacturing processes in 
metal-cutting operations. In industry, 
manufacturing processes are planned and 
improved in order to obtain either 
maximum quality or minimum cost For 
this reason Automated and adaptable 
assembling frameworks are utilized with 
electronic numerical control (CNC) 
machines that are fit for accomplishing 
high degree precision and low handling 
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time. Among the whole machining process 
turning is the main most basic technique 
for cutting and particularly for the 
completing machined parts. In a turning 
operation, it is vital undertaking to choose 
cutting parameters for accomplishing high 
cutting execution.  
Cutting parameters influence the surface 
unpleasantness, surface and dimensional 
deviations of the item. Surface 
unpleasantness, which is utilized to decide 
and to assess the nature of an item, is one 
of the significant quality traits of a turning 
item. Three cutting parameters in 
particular, embed range, sustain rate, and 
profundity of cut, are upgraded with 
contemplations of surface harshness. The 
system behind the arrangement of surface 
unpleasantness is exceptionally confused 
and handle subordinate [1].A detail survey 
on surface harshness is appeared in the 
Table No 1. 
 
Fig. 1. Surface roughness profile [4] 
 
N. Satheesh Kumar et al  
[2] Examines the impact of process 
parameters in turning of Carbon Alloy 
Steels. The parameters to be specific the 
axle speed and nourish rate are differed to 
think about their impact on surface 
unpleasantness. In this study they take  
five diverse carbon compound steels for 
turning are SAE8620, EN8, EN19, EN24 
and EN47. The study uncovers that the 
surface unpleasantness is specifically 
affected by the shaft speed and encourage 
rate and at the last they watched that the 
surface harshness increments with 
expanded sustain rate and is higher at 
lower paces and the other way around for 
all nourish rates. 
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Surface Roughness Profile of EN8 at 339 rpm and 0.05 mm/rev 
 
 
Surface Roughness Profile of EN19 at 730 rpm and 0.125 mm/rev 
 
 
Surface Roughness Profile of EN24 at 430 rpm and 0.125 mm/rev 
 
 
Surface Roughness Profile of EN47 at 980 rpm and 0.15 mm/rev 
 
Fig 2 Surface roughness graph of different material at different speed 
 
W.S. Lin et al 
 [3] developed a model for surface 
harshness and cutting power, this system is 
made out of various useful hubs, which are 
self-designed to frame an ideal system 
order by utilizing an anticipated square 
mistake (PSE) measure. Once the 
procedure parameters (cutting rate, 
encourage rate and profundity of cut) are 
given, the surface harshness and cutting 
power can be anticipated by this system. 
To check the exactness of the abdicative 
system, relapse investigation has been 
embraced in the paper to build up a second 
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expectation show for surface harshness 
and cutting power. Correlation of the two 
models shows that the forecast 
demonstrate created by the abdicative 
system is more exact than that by relapse 
investigation. Trial results are given to 
affirm the adequacy of this approach and 
they infer that Crucial components that 
control the cutting power are the 
encourage rate and the profundity of cut, 
where the slicing power tends to increment 
with an expanded sustain rate and 
profundity of cut  
 
The models for surface unpleasantness Ra 
and cutting power F are gotten from the 
information appeared in Table 1 and as 
characterized underneath: 
Ra =-2.172026+ 0.035321V – 0.000103V
2
+ 86.164152f 
2
 – 0.037214Vf + 3.856817fd  
F=-161.988683+ 2.351115V+ 429.783951f+ 423.407407d- 0.009119V
2
 -
47.407407d
2
+1692.283951fd 
 
Fig 3. Adductive network for surface roughness 
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Fig 4. Adductive network for cutting forces 
 
Uma Maheshwera Reddy Paturi et al [4] 
Studied the effect of solid lubricant 
assisted minimum quantity lubrication 
(MQL) turning of Inconel 718 on the 
finish quality of machined surface by 
turning process. In MQL application, 
micron estimated tungsten disulfide (WS2) 
strong ointment powder particles were 
scattered (0.5% wt.) in emulsifier oil based 
cutting liquid (20:1). To appreciate the 
complete nature of machined surface with 
the nearness of WS2 strong ointment, 
turning tests are led. The impact of cutting 
parameters on the complete nature of work 
surface is assessed utilizing factual outline 
approach. Numerous straight relapse 
models are created and approved to 
comprehend the relationships between's 
cutting parameter .and they find out that 
surface quality of machined work material 
during WS2 solid lubricant assisted MQL 
machining showed a much improvement 
on the finish quality of work material by 
on average about 35% when compared to 
MQL machining alone. 
 
Gabriel Medrado Assis Acayaba , 
Patricia Mun˜oz de Escalona[5] 
 built up a forecast models to anticipating 
the surface harshness by utilizing Multiple 
Linear Regression and Artificial Neural 
Network philosophies. Comes about 
demonstrate that the neural system beats 
the direct model by a reasonable edge 
(1400%). Also, the created Artificial 
Neural Network display has been 
incorporated with an enhancement 
calculation, known as Simulated 
Annealing (SA), this is done keeping in 
mind the end goal to get an arrangement of 
cutting parameters that outcome in low 
surface harshness. A low estimation of 
surface harshness and the arrangement of 
parameters coming about on it, are 
effectively yielded by the SA calculation 
lastly they reason that the cutting 
conditions acquired by the SA calculation 
for low estimations of surface 
unpleasantness ,A low value of surface 
roughness and the set of parameters 
resulting on it, are successfully yielded by 
the SA algorithm and finally they conclude 
that the cutting conditions obtained by the 
SA algorithm for low values of surface 
roughness are V = 49.3 m/min, f = 0.156 
mm/ rev, d = 0.52 mm and r = 0.57 mm. 
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Fig. 5. Schematic drawings of turning 
insert geometry 
The proposed regression equation with 
potential adjustment is given by 
Ra = 10
1:31
V
-0:424
 f 
0:734
d
0:187
r
-0:499 
R
2
 =0:466,R
2
adj = 0:460 and σ = 1:33 
 
Anupam Agrawal et al [6] 
 concentrated on the impact of cutting 
parameters in affecting the machined 
surface harshness The machining result 
was utilized as a contribution to create 
different relapse models to foresee the 
normal machined surface unpleasantness 
on this material. Three relapse models – 
Multiple relapse, Random backwoods, and 
Quantile relapse were connected to the test 
results The execution of these models was 
contrasted with find out how sustain, 
profundity of cut, and axle speed influence 
surface harshness lastly to get a scientific 
condition associating these factors and 
they presumed that the arbitrary woods 
relapse model is a better decision over 
various relapse models for expectation of 
surface unpleasantness amid machining of 
AISI 4340 steel (69 HRC)
 
Table No 1 literature review of optimization studies in turning operation 
Authors Year  Material 
used 
Process 
parameters 
Optimizing 
tool 
Out come 
Mite Tomov et 
al[33] 
2016 АISI 4140 Feed, nose radius, 
tool angles 
mathematical 
models 
research provides the 
theoretically calculated 
values, the measured 
values and the 
percentage differences 
between them for the 
considered R-parameters 
Abbas Razavykia 
et al [32] 
2015 Al–Mg2Si 
MMC 
Speed,feed,modifier DOE approach proximity of predicted 
results and experimental 
results provide evidence 
that the DOE method 
has successfully derived 
the predictive 
models 
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Sujan Debnath et 
al [31] 
2016 mild steel Cutting fluid, feed 
rate, and depth of 
cut, 
Taguchi 
technique 
The optimum cutting 
conditions for desired 
surface roughness and 
tool wear were ata high 
level of cutting speed, 
medium level of depth 
of cut, low level of feed 
rate and low flow 
high-velocity (LFHV) 
cutting fluid flow from 
the selected levels. 
Ilhan Asiltürk et al 
[30] 
2016 Co28Cr6Mo Nose Radius 
,Speed, Feed, depth 
of cut 
Taguchi + RSM Ra is most effective by 
tool tip radius 
This study has shown 
that ANOVA can be 
reliably used in RSM 
and 
Taguchi orthogonal 
array design models in 
similar experimental and 
theoretical studies 
Carmita 
Camposeco-
Negrete [29] 
2013 AISI 6061 
T6 
depth of cut, feed 
rate and cutting 
speed 
Taguchi 
methodology 
+ ANOVA 
feed rate is the most 
significant 
factor for minimizing 
energy consumption and 
surface roughness. 
Chorng-Jyh Tzeng 
et al [28 ] 
2009 SKD11 Feed, speed, depth 
of cut, cutting fluid 
mixture 
Taguchi 
method 
+ Grey 
relational 
analysis 
cutting speed 
is the most influential 
factor to the roughness 
maximum and the 
roundness 
Hamza Bensouilah 
et al [27] 
2016 AISI D3 cutting speed, feed 
rate and depth of 
cut 
ANOVA+RSM Surface quality obtained 
with the coated CC6050 
ceramic insert is 1.6 
times better than the one 
obtained with uncoated 
CC650 ceramic insert. 
A.Srithar et al [26] 2014 AISI D2 cutting speed, feed 
rate and depth of 
DOE Feed rate is the main 
impact with increasing 
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cut feed rate, but reduces 
with larger cutting speed 
and rapidly increasing 
depth of cut. 
Junyun Chen & 
Qingliang 
Zhao[25] 
2015 Al7075-T6 cutting speed, feed 
rate and depth of 
cut 
MATLAB The actual relative tool-
work vibration during 
the turning process is 
different from the 
relative vibration 
measured 
before turning 
K. Palanikumar et 
al [24] 
2008 Fibre-
reinforced 
plastic 
Feed, speed, depth 
of cut 
regression The surface roughness 
increases with the 
increase of feed rate 
and almost decreases 
with the increase of 
cutting speed 
D.M. D'Addona, 
Sunil J Raykar 
[23]  
2016  Nose Radius 
,Speed, Feed, DoC 
 
ANOVA+AOM wiper inserts produce a 
very good machined 
surface compared to 
Conventional inserts. 
 A.M.Badadhe[22]  
2012 
 
 AISI 1041 
 spindle speed, 
feed, depth of cut 
and length to 
diameter (L/D) ratio 
 
 ANOVA 
control factors had 
varying effects on the 
response variable 
B. Anuja Beatrice 
et al [21] 
2014 AISI H13 Feed, speed, depth 
of cut 
Artificial 
Neural Network 
It was found that ANN 
model matched well 
with the experimental 
results 
 
 Konanki M. 
Naidu & Sadineni 
Rama Rao [20] 
 
 2013 
 
 AA 6351 
Feed, speed, depth 
of cut 
 
 ANN 
feed is the most 
influenced cutting 
parameter on the surface 
roughness followed by 
speed and depth of cut  
 
Ilhan Asiltürk & 
Mehmet 
Çunkas[19] 
2011 AISI 
1040  
speed, feed, and 
depth of cut 
artificial neural 
network and 
multiple 
regression 
ANN model estimates 
the surface roughness 
with high accuracy 
compared to the 
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multiple regression 
model 
R. Shetty et al[18]      
Murat Sarıkaya &  
Abdulkadir Güllü 
[17] 
2014 AISI 1050 cooling condition, 
cutting speed, feed 
rate and depth of 
cut 
response 
surface 
methodology 
most effective 
parameters are feed rate 
on the surface roughness 
 S. Ramesh [16] 2012 aerospace 
titanium 
alloy (gr5) 
cutting speeds, feed 
and depths of cut 
response 
surface 
methodology 
feed is the most 
influential factor which 
affect the surface 
roughness 
 Varaprasad 
Bhemuni & 
Srinivasa Rao 
Chalamalasetti[15] 
 
2014 
 
 AISI D3 
cutting speeds, feed 
and depths of cut 
 
 ANOVA 
feed rate seems to 
influence the surface 
roughness more 
significantly than the 
cutting speed  
 
Satish 
Chinchanikar et al 
[14] 
2014 AISI 52100 Speed,feet,depth of 
cut 
ANOVA Surface roughness is 
affected by feed 
 S. A. Hussain et 
al [13]  
 
 2011 
 Glass Fiber 
Reinforced 
Plastics 
 speed, feed, depth 
of cut, and work 
piece 
 
 Fuzzy  model 
increase in cutting speed 
and depth of cut reduces 
the surface roughness, 
where as the increase in 
feed and fiber 
orientation angle 
increases the surface 
roughness  
 
M. Gunay et al 
[12] 
2011 Ti–6Al–4V    
 Mangesh R. Phate 
&  V.H.Tatwawadi 
[11] 
2015  En1A, En8 
and S.S.304 
cutting speed, feed 
rate, depth of cut 
 Response 
Surface Method 
 Study of MRR and  PC 
Ilhan Asilturk & 
Harun Akkus[10] 
2011 AISI 4140 cutting speed, feed 
rate, depth of cut 
Taguchi 
Technique  
feed rate has the most 
significant 
effect on Ra and Rz 
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Mustafa Gunay & 
Emre Yucel [7] 
2013 white cast 
iron 
speed, feed rate and 
depth of cut 
Taguchi  
orthogonal 
array 
feed is the most 
influential factor which 
affect the surface 
roughness 
Anupam Agrawal 
et al [6] 
2015 AISI 4340 Feed,speed,depth of 
cut 
Multiple 
regression, 
Random forest, 
and Quantile 
regression 
random forest regression 
model is a superior 
choice over multiple 
regression models for 
prediction of surface 
roughness during 
machining of AISI 4340 
steel 
Gabriel Medrado 
Assis Acayaba [5] 
2015 AISI316 Feed,speed,depth of 
cut 
multiple linear 
regression 
+ANN  
A Multiple Linear 
Regression model for 
predicting Ra was 
developed. It yielded 
results with 0.72 
precision in terms of 
Mean Squared Error and 
The network‟s outputs 
are a good fit for the 
experimental results, 
and when compared in 
terms of mean squared 
error, 
Uma Maheshwera 
Reddy Paturi et al 
[4] 
2016 Inconel 718 Feed,speed,depth of 
cut, cutting fluid 
ANOVA+ 
multiple linear 
regressions 
surface quality of 
machined work material 
during WS2 solid 
lubricant assisted MQL 
machining showed a 
much improvement on 
the finish quality of 
work material. 
 
TAGUCHI METHOD 
Mustafa Gunay & Emre Yucel [7] 
 enhancing the cutting conditions for the 
normal surface unpleasantness (Ra) got in 
machining of high-amalgam white cast 
press (Ni-Hard) at two distinctive hardness 
levels (50 HRC and 62 HRC). Machining 
examinations were performed at the CNC 
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machine utilizing artistic and cubic boron 
nitride (CBN) cutting instruments on Ni-
Hard materials. Cutting pace, nourish rate 
and profundity of cut were picked as the 
cutting parameters. Taguchi L18 
orthogonal exhibit was utilized to plan of 
test. Ideal cutting conditions was resolved 
utilizing the flag to-clamor (S/N) 
proportion which was computed for Ra as 
indicated by ''the-littler the-better'' 
approach. The impacts of the cutting 
parameters and apparatus materials on 
surface harshness were assessed by the 
examination of difference and they at long 
last infer that the littlest Ra values 
happened amid machining of Ni-Hard with 
62 HRC and Ni-Hard with 50 HRC are 
acquired as 0.262 lm and 0.280 lm with 
CBN cutting device, separately. 
 
M. Nalbant et al [8] 
 concentrate on, the Taguchi technique is 
utilized to locate the ideal cutting 
parameters for surface harshness in 
turning. The orthogonal cluster, the flag 
to-commotion proportion, and 
investigation of change are utilized to 
concentrate on the execution qualities in 
turning operations of AISI 1030 steel bars 
utilizing TiN covered apparatuses. Three 
cutting parameters to be specific, embed 
sweep, nourish rate, and profundity of cut, 
are advanced with contemplations of 
surface unpleasantness. Test results are 
given to represent the adequacy of this 
approach and they told that in turning, 
utilization of more noteworthy embed 
sweep (1.2 mm), low sustain rate (0.15 
mm/rev) and low profundity of cut (0.5 
mm) are prescribed to get better surface 
harshness for the particular test run. 
Total mean of the S/N ratio g can be 
calculated as 
 
Where m is the number of experiments in 
the orthogonal array, .g., m = 9 and gi is 
the mean S/N ratio for the i
th
 experiment 
Squared deviations SST can be calculated 
as 
 
where p represent one of the experiment 
parameters, j the level number of this 
parameter p, t the repetition of each level 
of the parameter p, sgj the sum of the S/N 
ratio involving this parameter p and level j. 
The sum of squares from error parameters 
SSe is  
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The corrected sum of squares SP can be 
calculated as 
 
The estimated S/N ratio ƞ using the 
optimal level of the process parameters 
can be calculated as 
 
 
 
Bouacha et al [9] 
Investigated the Ra values created in hard 
turning of 64 HRC hardness AISI 52100 
bearing steel with CBN cutting tool. They 
performed the machining tests according 
to the L27 orthogonal array of Taguchi 
experimental design method. They 
reported that the cutting parameter which 
is the most effective on Ra is the feed rate 
and cutting speed. 
 
Asilturk and Akkus[10] 
uses the Taguchi method for minimizing 
the average Surface roughness (Ra) and the 
arithmetic mean value of the single 
roughness depths of consecutive sampling 
lengths (Rz) in turning of hardened AISI 
4140 (51 HRC) with coated carbide 
cutting tools. Their study focused on 
effects of cutting speed, feed rate and 
depth of cut on surface roughness. 
Statistical analysis of experimental data 
indicated that the feed rate was the most 
significant effect on Ra and Rz. The 
authors were also found that the optimum 
cutting conditions was different for Ra and 
Rz. 
 
 Mangesh R. Phate and V.H.Tatwawadi 
[11] 
 built up a model to figure the Material 
Removal Rate (MRR) and Power 
Consumption (PC) utilizing Dimensional 
Analysis (DA). DA models of MRR and 
PC have been created with machining field 
parameters. The parameters were the 
administrator playing out the turning 
operation, the slicing apparatus used to 
evacuate the material, the work piece, the 
cutting procedure parameters, for example, 
cutting velocity, nourish rate, profundity of 
cut and so on., and machine machining 
details and the turning natural parameters, 
for example, moistness, air temperature, 
air flow, clamor level, and light 
enlightenment and so on lastly they told 
that the cutting condition and the machine 
parameters effectsly affect the material 
expulsion rate and the power utilization, 
while the instrument and the earth have the 
minimum impact 
 
Model Formulation  
Model: Material Removal Rate (MRR) 
Model  
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𝜋D1= 0.00026743 × 𝜋1
0.1408
× 𝜋2 
−0.0293
 × 
𝜋3
0.324
 × 𝜋4
0.520
 × 𝜋5
−0.0415
 × 𝜋6
0.4412
 
• Correlation Coefficient = 0.982915516  
• Root Mean Square Errors=0.034305626  
• Reliability = 98.25331313%  
It is obvious that the predicted values by 
DA are very close to the experimental 
readings. 
 
 
 
Model: Power Consumption (PC) Model  
𝜋D2= 9.65 𝐸
−05
× 𝜋1
−0.0545
× 𝜋2 
−0.0495
 × 
𝜋3
0.5267
 × 𝜋4
−0.1369
 × 𝜋5
0.1072 
× 𝜋6−
0.1983
 
• Correlation Coefficient = 0.98203603  
• Root Mean Square =0.03476825  
• Reliability = 98.1258013%  
Z= Log (Π D1), K= Log (K1), X1= Log 
(Π1), X2 = Log (Π2) X3= Log (Π3), X4= 
Log (Π4), X5= Log (Π5 and X6=Log (Π6) 
Z1 (Max MRR) = -8.228 +0.1408X1 -
0.0293 X2 +0.324X3 +0.5200 X4 - 
0.0415X5 +0.4412X6  
Z2 (Min PC) = -9.2455 -0.0545X1 -0.0495 
X2 +0.5267X3 -0.1369 X4 +0.1072 X5 -
0.1983 X6
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Fig 6. Flow Chart for regression Analysis 
M. Gunay, A. Kacal, Y. Turgut [12] 
 studied about the Taguchi method, which 
is used in the industry to decrease the 
product development period for the design 
and production which also decrease the 
costs and increase the profit of the 
company. Taguchi method also allows 
controlling the variations caused by the 
uncontrollable factors which are not taken 
into consideration at conventional design 
of experiment. Taguchi converts the 
objective function values to signal-to-noise 
(S/N) ratio for measure the performance 
characteristics of the levels of control 
factors against these factors. S/N ratio is 
defined as the desired signal ratio for the 
undesired random noise value and shows 
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the quality characteristics of the 
experimental data. 
 
S. A. Hussain et al [13] 
 examines the utilization of fluffy rationale 
for demonstrating turning parameters in 
turning of glass fiber strengthened plastics 
via carbide apparatus (K-20). Trials were 
led in light of the built up Taguchi‟s 
Design of Experiments (DOE) L25 
orthogonal cluster on an all outfitted 
machine. The cutting parameters 
considered were cutting velocity, bolster, 
profundity of cut, and work piece (fiber 
introduction). Fluffy based model is 
produced for relating the cutting 
parameters with surface unpleasantness 
(Ra). Lastly they find that the model can 
be adequately utilized for foreseeing the 
surface unpleasantness (Ra) in turning of 
GFRP composites,Kopac et al. [24] 
considered cutting speed, cutting tool 
materials, feed rate and depth of cut as 
cutting parameters in machining C15 E4 
steel on a lathe. They used the Taguchi 
orthogonal array of L16 (25), which has 
two levels and a degree of freedom of 13 
in the experimental design. The quality 
determinant of „„the smaller the better‟‟ 
was used in calculating the signal–noise 
ratio. It was observed that the control 
parameter having the highest effect on 
surface roughness is the cutting speed, and 
better surface roughness values were 
obtained at higher cutting speeds. 
 
Chorng-Jyh Tzeng et al [28] 
 examined the enhancement of CNC 
turning operation parameters for SKD11 
(JIS) utilizing the Gray social investigation 
technique and they reasoned that the 
profundity of cut is the most noteworthy 
controlled component for the turning 
operation when the minimization of the 
harshness normal, the unpleasantness 
greatest and the roundness are all the while 
considered 
 
Fig 7 Scheme of turning operation [28] 
 
RESPONSE SURFACE 
METHODOLOGY (RSM) 
Satish Chinchainkar et al [14] 
investigate effect of different cooling 
medium and cutting parameters on surface 
roughness during the turning of AISI 
52100 steel. They generate a mathematical 
model. experiment conduct by using a 
PVD-coated TiSiN-TiAlN carbide tool 
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under dry, with water based and coconut 
oil-based cutting fluids and they find out 
that hard turning under dry conduction 
produced lower values of surface 
roughness.hower at higher cutting speed 
hard turning using coconut oil produced 
lower value of surface roughness. It is also 
observed that surface roughness mostly 
affected by feed and increased when 
cutting speed exceeds 150-160 m/min 
irrespective of the cooling medium used. 
Stat-Ease Design Expert software use to 
calculate the regression equation. Analysis 
of the experimental result was performed 
using standard Response Surface 
Methodology (RSM). 
 
Surface roughness: Dry condition 
 
 
Surface roughness: Water based cutting fluid 
 
 
Surface roughness: Coconut oil based cutting fluid 
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Fig 8. Response surface showing interactions effects of cutting speed and feed on surface 
roughness for (a) Dry ;(b) water based;(c)Coconut oil based cutting fluids 
 
Varaprasad Bhemuni and Varaprasad 
Bhemuni [15] 
studied the effects of cutting speed; feed 
rate and depth of cut on surface roughness 
are investigated in hard turning of AISI D3 
steel. AISI D3 steel is hardened to 62 HRC 
and is machined using a mixed ceramic 
tool. Mathematical models for surface 
roughness are developed using the 
Response Surface Methodology (RSM). 
Central Composite Design (CCD) is 
applied as an experimental design. 
Al
2
O
3
/TiC mixed ceramic tool with corner 
radius of 0.8 mm is utilized to achieve 20 
tests with six focus focuses. The scope of 
every parameter is set at three distinct 
levels, to be specific low, medium and 
high. The principle impacts of the 
variables and their connections were 
considered in the present study utilizing 
Analysis of difference (ANOVA). 
Different charts and plots are attracted to 
assess the impact of the procedure 
parameters on surface unpleasantness. 
Nourish rate is the most impacting 
component on surface harshness. Comes 
about uncovered that the utilization of 
lower sustain, bring down profundity of 
cut and higher cutting velocity, while hard 
turning of AISI D3 solidified steel, 
guarantees a superior surface 
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unpleasantness. In the present study, the 
quantitative form of the relationship 
between the desired response and 
independent input process parameters can 
be represented by [9]  
Y=Φ (Vc, f, ap) 
𝑌=𝑎0+𝑎1𝑉𝑐+𝑎2𝑓+𝑎3𝑎𝑝+𝑎12𝑉𝑐𝑓+𝑎13𝑉𝑐𝑎𝑝 
+𝑎23𝑓𝑎𝑝+𝑎11𝑉
2𝑐+𝑎22𝑓
2
+𝑎33𝑎
2
𝑝 
 
Where Y is the desired response and is the 
response function. In the present 
investigation, the RSM-based 
mathematical models for surface 
roughness Ra, have been φ developed with 
cutting speed V
c
, feed rate f and depth of 
cut (Doc) as the process parameters. The 
response surface equation for three factors 
is given by [16] 
 
Where Y is the desired response and a
0 
is 
the free term of the regression equation, 
the coefficients a
1
, a
2
, a
3 
and a
11
, a
22
, ...a
33 
are the linear and quadratic terms, 
respectively, while a
12
, a
13
,..a
23 
are the 
interacting terms. The experimental plan is 
developed to assess the influence of 
cutting speed (V
c
), feed rate (f), and depth 
of cut (Doc) on the surface roughness 
(Ra), regression coefficients to be 
determined for each response. The 
regression coefficients of linear, quadratic, 
and interaction terms of RSM-based 
mathematical models are determined by 
[16] 
 
 
Fig 9. Workpiece with carbide insert 
CC6050 [16] 
 
Murat Sarıkaya and Abdulkadir 
Güllü[17] 
contemplated the impact of the principle 
turning parameters, for example, cooling 
condition, cutting rate, nourish rate and 
profundity of cut on number juggling 
normal harshness (Ra) and normal most 
extreme stature of the profile (Rz) when 
turning of AISI 1050 steel. Tests have 
been performed under dry cutting (DC), 
traditional wet cooling (CC) and MQL. 
Tests are composed by L16 (43X 21) 
orthogonal cluster. ANOVA examination 
was performed to decide the significance 
of machining parameters on the Ra and Rz 
and they presume that the best parameters 
are bolster rate at first glance harshness. 
Cooling conditions are fundamentally 
viable at first glance unpleasantness. MQL 
 
 
 
 
46 Page 28-58 © MAT Journals 2016. All Rights Reserved 
 
Journal of Mechanical and Mechanics 
Volume 2 Issue 3  
is a decent device so as to increment of the 
machined surface quality for cutting 
operations 
 
 
Fig 10. A schematic diagram of the 
experimental set-up.[17] 
 
RSM based modeling for surface 
roughness: In this paper, MINITAB 16 and 
DESIGN EXPERT 8.0 were used for 
modeling purpose: a second order model 
response surface can be fitted into the 
following Eq 
 
Surface roughness and turning parameters 
are given below 
 
Relationship between surface roughness 
and machining variables 
 
RSM surface roughness Ra model is given 
by 
 
 
Shetty et al. [18] utilized Taguchi and 
Response Surface Methodologies for 
minimizing the surface unpleasantness in 
turning of intermittently fortified 
aluminum composites (DRACs) having 
aluminum amalgam 6061 as the 
framework and containing 15 vol.% of 
silicon carbide particles of mean width 25 
lm under compelled steam stream 
approach. The impact of cutting 
parameters on surface unpleasantness was 
Assessed and the ideal cutting condition 
for minimizing the surface harshness was 
likewise decided. 
 
ANN TECHNIQUE 
Ilhan Asiltürk and Mehmet Çunkas[19] 
measure the surface harshness amid 
turning at various cutting parameters, for 
example, speed, encourage, and profundity 
of cut. Full factorial exploratory plan is 
executed to expand as far as possible and 
dependability of the trial information. 
Counterfeit neural systems (ANN) and 
different relapse methodologies are 
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utilized to demonstrate the surface 
harshness of AISI 1040 steel. Numerous 
relapse and neural system based models 
are thought about utilizing factual methods 
and they proposed models which are 
equipped for expectation of the surface 
unpleasantness. The ANN demonstrate 
gauges the surface unpleasantness with 
high exactness contrasted with the 
different relapse show. 
 
Fig 11.Mathematical model of neuron [19] 
 
Fig.12 ANN structure [19] 
 
 Konanki M. Naidu[20] 
Develop a model of surface harshness in 
turning of AA 6351 with carbide 
apparatus. Cutting pace, sustain and 
profundity of cut were considered as 
machining parameters and surface 
unpleasantness was considered as the 
reaction. Trials were directed to build up 
the straight relapse conditions in view of 
Taguchi's trial plan approach. 
Additionally, Artificial Neural Network 
(ANN) model was likewise produced for 
the surface harshness. Encourage, the 
execution of the created show has been 
tried with the assistance of ten trial test 
cases and they reasoned that the numerous 
straight relapse examination the 
cooperation terms of speed, nourish and 
profundity of cut are not noteworthy on the 
reaction surface harshness. 
 
 
Fig 13. Structure of feed-forward neural 
network [20] 
 
B. Anuja Beatrice et al [21] 
foresee the Surface Roughness of AISI 
H13 Steel by utilizing Artificial Neural 
Network as a part of Hard Turning with 
Minimal Cutting Fluid Application. In this 
examination work an endeavor was made 
to build up a model in view of Artificial 
Neural Network to reproduce hard turning 
.This model is required to foresee the 
surface harshness as far as cutting 
parameters. Systems with various 
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engineering were prepared utilizing an 
arrangement of preparing information for a 
settled number of cycles and were tried 
utilizing an arrangement of info/yield 
information saved for this reason. The root 
mean square blunder was resolved for the 
chose structures. The model with 3-7-7-1 
design gave the base RMSE esteem. The 
ability of ANN model to predict surface 
roughness (Ra) was analyzed. It was found 
that the predictions made by the ANN 
model matched well with the experimental 
results.In this present work, „learngdm‟ 
was considered as the learning function 
and „trainlm‟ as the training function. The 
transfer function of the ANN model was 
considered as “tansig” and the sigmoid 
function used in this experimentation is 
shown in equation f(x) 
 
 ANALYSIS OF VARIANCE (ANOVA)  
A.M.Badadhe et al [22] contemplated Four 
parameters viz. axle speed, sustain, 
profundity of slice and length to width 
(L/D) proportion of exhausting bar has 
been taken as control elements for 
enhancing cutting parameters. The cutting 
trials were executed according to Taguchi 
34 (L9 ) orthogonal exhibit strategy to 
manage the reaction from multi-factors. 
AISI 1041 (EN9) carbon steel was utilized 
as an occupation material which was cut 
by utilizing standard exhausting bars of 
different sizes each having a tungsten 
carbide additions of same embed sweep. 
The Analysis of Variance (ANOVA) was 
completed to locate the noteworthy 
elements and their individual commitment 
in the reaction work i.e. surface harshness 
and they reason that ideal turning 
operation parameters for surface 
unpleasantness under differing conditions 
using the Taguchi parameter plan process 
and they demonstrated that the control 
components effectsly affected the reaction 
variable. The utilization of the Taguchi 
parameter outline strategy was viewed as 
fruitful as an effective technique to 
advance machining parameters. 
 
Carmita Camposeco-Negrete[29] 
concentrated on the Cutting parameters to 
advanced the cutting force, control 
expended or cutting vitality amid the 
turning of AISI 6061 T6. An orthogonal 
cluster, flag to commotion (S/N) 
proportion and examination of fluctuation 
(ANOVA) were utilized to break down the 
impacts and commitments of profundity of 
cut, nourish rate and cutting rate on the 
reaction variable and they presume that 
For minimizing the aggregate vitality 
devoured, sustain rate is the most 
noteworthy element (87.79%) trailed by 
profundity of cut (6.59%) and cutting 
speed (5.18%). 
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Fig 14. comparison between cutting and 
air cutting [29] 
 
Ilhan Asiltürk et al [30] 
studied the Co28Cr6Mo medical material 
for turning process under controlled 
parameters such as feed, speed, depth of 
cut and nose radius on a CNC lathe. In 
order to determine critical states of the 
cutting parameters variance analysis 
(ANOVA) was applied while optimization 
of the parameters affecting the surface 
roughness was achieved with the Response 
Surface Methodology (RSM) that is based 
on the Taguchi orthogonal test design and 
they concluded that for Ra 38% of the 
most effective parameters is on the tool tip 
radius, followed by 33% on the feed rate 
whereas for Rz tool tip radius occupied 
43% with the feed being at 33% rate. To 
achieve the minimum surface roughness, 
the optimum values obtained for spindle 
rpm, feed rate, depth of cut and tool tip 
radius were respectively, 318 rpm, 0.1 
mm/rev, 0.7 mm and 0.8 mm. 
INSERTS OR CUTTING TOOLS 
D.M. D'Addona and Sunil J Raykar[23] 
examine execution of wiper embeds in 
hard turning of oil solidifying non-
contracting steel. The oil solidifying non-
contracting steel is regularly utilized 
material for making measuring instruments 
and gages wherein surface harshness is 
imperative angle. The real accentuation 
here is given to study and look at 
execution of wiper embed regarding 
surface complete with traditional 
supplements. Impact of process 
parameters, for example, speed, nourish, 
profundity of cut and nose sweep (for 
wiper and traditional additions) on surface 
harshness is broke down utilizing 
investigation of difference (ANOVA) and 
examination of means (AOM) plots. Lastly 
they result that wiper embeds deliver a 
decent machined surface contrasted with 
routine supplements. 
 
K. Palanikumar et al [24] 
studied the factors which affect the cutting 
parameters of surface roughness such as 
Ra, Rt, Rq, Rp and R3z in turning of glass 
fiber reinforced composite materials. 
Empirical models are developed to 
correlate the machining parameters with 
surface roughness .Empirical models are 
developed to correlate the machining 
parameters with surface roughness. 
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Analysis of experimental results is 
carried out through area graphs and 
three-dimensional surface plot and finally 
the concluded that surface roughness 
increases with the increase of feed rate 
and almost decreases with the increase of 
cutting speed.  
 
Fig15. Polycrystalline diamond tool and 
tool holder used in experiment [24] 
 
Junyun Chen, Qingliang Zhao [25] 
Tries to enhance a technique to assess the 
genuine relative apparatus work vibration. 
By utilizing this technique the vibration 
data acquired is more trustworthy, as it 
contains the parts brought on by machine 
apparatus blunder, cutting power, material 
property and changing of cutting 
parameters. In addition, the swelling 
impact is investigated utilizing another 
assessing strategy and considered for 
anticipating surface harshness and they 
demonstrate that this model is a nearer 
estimate of the genuine turning process 
when contrasted with the past models and 
demonstrates a higher foreseeing exactness 
of surface unpleasantness. 
Fig 16. CNC ultra-precision machine tool 
(left) and diamond tools used in tests 
(right) [25] 
The arithmetic roughness value Rat 
calculated from the profile of tool locus 
and the arithmetic roughness value Rah 
calculated from the curve of simple 
harmonic motion can be given 
respectively. 
&  
  
Then equivalent amplitude A can be 
calculated by 
 
 
Fig 17. Three-dimensional topography 
and surface profile of machined surface. 
(a) Material: NiP; (b) material: Cu; (c) 
material: Al7075 [25] 
 
A.Srithar et al [26] 
completed the machining of AISI D2 steel 
work piece having 66 HRC hardness 
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utilizing covered carbide embed. The 
microstructure indicates moved grains of 
the steel along the heading of the material. 
The microstructure demonstrates fine 
grains of cementite with the grain limit 
chromium and different amalgams and the 
nearness of carbide, which expands quality 
and wear safe. Examinations were 
completed on customary machine utilizing 
the prefixed cutting conditions. The chart 
demonstrates the bolster rate is the primary 
contact with expanding nourish rate, 
however lessens with bigger cutting pace 
and quickly expanding profundity of cut. 
The reactions contemplated in the 
examination of surface harshness are 
considered in the examination of surface 
unpleasantness parameters (Ra,R tand Rz) 
on reactions are concentrated on and 
displayed in detail. 
 
Fig.18. Surface roughness measurement 
by roughness tester [26] 
 
Hamza Bensouilah et al [27] 
investigation of the impacts of cutting rate, 
nourish rate and profundity of cut on the 
execution of machining which generally 
named ''machinability with CC6050 and 
CC650 clay embeds. The arranging of 
trials depended on Taguchi's L16 
orthogonal cluster. The investigation of 
change (ANOVA), the flag to-clamor 
proportion and reaction surface procedure 
(RSM) were received lastly they find that 
the surface quality acquired with the 
covered CC6050 clay embed is 1.6 times 
superior to anything the one got with 
uncoated CC650 fired embed. Be that as it 
may, the uncoated artistic embed was 
helpful in decreasing the machining 
power. 
 
RMS-based first order mathematical 
model is given by 
 
where b0 is the free term of the regression 
equation, the coefficients, b1; b2; . . . ; bk 
are the linear terms. The experimental plan 
is developed to assess the influence of 
cutting speed (Vc), feed rate (f) and depth 
of cut (ap) on the surface roughness 
parameter (Ra) and cutting force 
component 
Taguchi method: For smaller-the-better, 
the S/N ratio is defined as 
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For nominal-the-best, the S/N ratio is 
defined as: 
 
For larger-the-better, the S/N ratio is 
defined as 
 
 
 
Fig 19. Illustration of measured force components, surface roughness and tool wear [27]. 
 
DESIGN OF EXPERIMENT (DOE) 
Abbas Razavykia et al [32] studied the 
Al–Mg2Si PMMC to evaluate the 
machining parameters and modifier 
element effects on cutting force (Fc) and 
surface roughness (Ra) in dry turning of 
Al–Mg2Si with a coated carbide tool 
(K10U).for this purpose they designed the 
multi-level factorial design (DOE) and 
their results were analyzed using Analysis 
of Variance (ANOVA) and finally the find 
out that main effect of cutting speed, feed 
rate and modifier element influenced the 
cutting force and surface roughness and 
The addition of Bi as modifier reagent 
results in lower cutting force and better 
surface roughness due to the formation of 
Bi compound and modifies the 
morphology of Mg2Si reinforcement 
particle. 
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Table no 2. Analysis of variance table for surface roughness 
 
 
MATHEMATICAL MODEL 
Mite Tomov et l [33] generate a 
mathematical models for predicting Rz Rp 
R v Ra RSm , and Rmr (c) roughness 
parameters based on the kinematical–
geometrical copying of the cutting tool 
onto the machined surface of АISI 4140. 
The proposed mathematical models were 
verified using two different CNC lathes, 
working pieces made of the material 
42CrMo (EN) or АISI 4140, using 
finishing inserts. This research provides 
the theoretically calculated values, the 
measured values and the percentage 
differences between them for the 
considered R-parameters.
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Fig. 20. Algorithm of steps for predicting 
and realizing the considered roughness 
parameters for industrial purposes [33] 
 
CONCLUSIONS 
A From the above writing overview we 
find that there are some most recent 
procedures for improvement, Taguchi 
strategy, Fuzzy Logic, Scatter Search 
system, ANN, Genetic Algorithm, 
Response Surface Methodology, Ant 
Colony strategy, and so on are being 
connected effectively in modern 
applications for ideal choice of process 
factors for assessment the surface 
unpleasantness of various materials. 
Among every one of these techniques it is 
watched that Taguchi Method is the most 
broadly utilized strategy because of its 
effortlessness and exactness. The 
utilization of different strategies like 
Genetic Algorithm, Response Surface 
Method and Artificial Neural Network are 
progressively expanding. In streamlining 
of surface unpleasantness nourish is 
observed to be the most influencing 
component took after by profundity of cut 
and cutting rate. 
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